Background Few studies have analyzed the association between elevated BMI and complications after total shoulder arthroplasty (TSA). Previous studies have not consistently arrived at the same conclusion regarding whether obesity is associated with a greater number of postoperative complications. We used a national surgical database to compare the 30-day complication profile and hospitalization outcomes after primary TSA among patients in different BMI categories. Questions/purposes We asked: (1) Is obesity associated with an increased risk of complications within 30 days of primary TSA? (2) Is obesity associated with increased operative time? Methods The American College of Surgeons National Surgical Quality Improvement Program 1 database for 2006 to 2012 was queried to identify all patients who underwent a primary TSA for osteoarthritis of the shoulder. The ACS-NSQIP 1 database was selected for this study as it is a nationally representative database that provides prospectively collected perioperative data and a comprehensive patient medical profile. Exclusion criteria included revision TSA, infection, tumor, or fracture. We analyzed 4796 patients who underwent a primary TSA for osteoarthritis of the shoulder. Patients who underwent a TSA were divided in four BMI categories: normal (18.5-25 kg/m 2 ), overweight (25-30 kg/m 2 ), obesity Class 1 (30-35 kg/m 2 ), and obesity Class 2 or greater ([ 35 kg/m 2 ). Perioperative hospitalization data and 30-day postoperative complications were compared among different BMI classes. Differences in patient demographics, preoperative laboratory values, and preexisting patient comorbidities also were analyzed among different BMI groups, and multivariate analysis was used to adjust for any potential confounding variables. Results There was no association between BMI and 30-day complications after surgery (normal as reference, overweight group relative risk: 0.57 [95% CI, 0.30-1.06], p = 0.076; obesity Class 1 relative risk: 0.52 [95% CI, 0.26-1.03], p = 0.061; obesity Class 2 or greater relative risk: 0.54 [95% CI, 0.25-1.17], p = 0.117). However, greater BMI was associated with longer surgical times (for normal BMI control group: 110 minutes, SD, 42 minutes; overweight group: 115 minutes, SD, 46 minutes, mean difference to control: 5 minutes [95% CI, À1 to 10 minutes], p = 0.096; obesity Class 1: 120 minutes, SD, 43 minutes, mean difference: 10 minutes [95% CI, 5-15
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Introduction
Total shoulder arthroplasty (TSA) is an effective operation for pain relief and functional improvement in patients limited by shoulder arthritis who have not received adequate relief with nonoperative management. Since the first documented shoulder arthroplasty was performed in 1893, as reported by Bankes and Emery [4] , the number of TSAs performed in the United States is expected to continue to increase steadily [11, 18] . Obesity affects a large proportion of the population in the United States, with an estimated prevalence of 36% [12] . The WHO defines obesity as a BMI greater than 30 kg/m 2 [32] . The concern for obesity is particularly evident in our aging population in the United States where 71% of inhabitants older than 60 years are classified as either overweight or obese [26] . Because older patients who are obese make up a large proportion of patients undergoing elective orthopaedic surgery [7] , there is concern regarding the association of obesity and postoperative complications in elective orthopaedic surgical procedures such as shoulder arthroplasty.
Obesity also has been associated with increased difficulty with exposure and longer operative times during lower extremity arthroplasties [2, 16, 23] . However, studies of TSAs have disagreed regarding whether obesity is associated with increased postoperative complications. Linberg et al. [24] reported that patients who are morbidly obese have a greater incidence of unsatisfactory results after TSA. However, a review of upper extremity surgery concluded that patients who are obese are not at increased risk of complications compared with patients who are not obese [25] . Singh et al. [28] reported that higher BMI was actually protective against postoperative mortality after primary shoulder arthroplasty.
We therefore asked: (1) Is obesity associated with an increased risk of complications within 30 days of primary TSA? (2) Is obesity associated with increased operative time?
Patients and Methods
The American College of Surgeons National Surgical Quality Improvement Program 1 (ACS NSQIP 1 ) database [1] was analyzed from 2006 to 2013 for all patients who underwent a primary TSA (Current Procedural Terminology code 23472), including anatomic TSA and reverse TSA. The ACS-NSQIP 1 is a prospectively maintained database that contains perioperative data on randomly assigned patients undergoing procedures across all surgical specialties at participating institutions [1] . Surgical clinical reviewers are employed by each participating hospital to manage clinical information in the database, collect each patient's medical history before surgery, and observe postoperative morbidity and mortality associated with each surgical procedure. Patients are contacted postoperatively by telephone or in writing to confirm 30-day complications and outcomes. The ACS-NSQIP 1 applies strict definitions, which are described in detail in the user guide, in the documentation of patient comorbidities and complications [1] . The total number of different surgical cases (orthopaedic, plastic, general surgery, otolaryngology, gynecology, and urology) available from this database range from more than 150,000 in 2006 to more than 600,000 in 2013. More than 200 Health Insurance Portability and Accountability Act-compliant variables are collected for each patient encounter. The use of the ACS-NSQIP 1 database is appropriate for our study as it is a nationally representative database that provides prospectively collected perioperative data, along with relatively comprehensive demographic and medical profiles of patients.
Approval from our institutional review board was obtained before the start of our study. Patients were excluded from this study if they had a BMI less than 18.5 kg/m 2 , lacked documented preoperative height and weight, or had previous shoulder hardware (ICD-9 codes 996.4x, 996.6x, 996.7x), fracture (ICD-9 codes 812.xx, 733.8x), pathologic fracture (ICD-9 code 733.11), tumor (ICD-9 codes 170.4, 213.4), or associated infection (ICD-9 code 730.xx). Patients who underwent a TSA initially were divided in six BMI categories as defined by the WHO [32] : normal (18.5-25 kg/m 2 ), overweight (25-30 kg/m 2 ), obesity Class 1 (30-35 kg/m 2 ), obesity Class 2 or greater (35-40 kg/m 2 ), morbid obesity ([ 40 kg/m 2 ), and superobese ([50 kg/m 2 ). Morbid obesity and superobese BMI groups had few cases, and our study would have been underpowered to identify differences in complications between either of these groups compared with the control group. Thus, final analysis was performed with four BMI categories: normal (18.5-25 kg/m 2 ), overweight (25-30 kg/m 2 ), obesity Class 1 (30-35 kg/m 2 ), and obesity Class 2 or greater ([35 kg/m 2 ). Perioperative hospitalization data, 30-day postoperative complications, demographics, comorbidities, and preoperative laboratory values were compared among patients in different BMI classes.
A total of 4796 patients who underwent primary TSA were identified from the ACS-NSQIP 1 database from 2006 to 2013. After applying our exclusion criteria, 4267 were included for final analysis in this study. Subgroup analysis showed that there were 738, 1463, 1126, and 940 patients in the normal, overweight, obesity Class 1, and obesity Class 2 or greater groups, respectively. This represents an overall population where 47% of the patients are obese.
The proportion of patients with at least one postoperative complication within 30 days of surgery was calculated and compared among different BMI groups ( Table 1 ). The overall incidence of complications was comprised from a list of individual complications grouped in a systems-based classification. Medical complications investigated included deep venous thrombosis, pulmonary embolism, urinary tract infection, and wound, respiratory, cardiac, neurologic, renal, and systemic complications. The proportion of patients who returned to the operating room or who died within 30 days also were included in the complication analysis.
Mean operative time was compared among the BMI groups ( Table 2 ). Other perioperative data analyzed included type of anesthesia administered, resident or fellow involvement, history of another surgery 30 days before the index procedure, time of admission to surgery, length of hospital stay after surgery, proportion of patients requiring a blood transfusion, and percentage of patients discharged to home.
Other potential confounding variables were considered and adjusted for in this study. Demographic data ( Table 3 ) analyzed for all patients included age, sex, race, BMI, current smoking history, current alcohol use (more than two drinks daily for at least 2 weeks before surgery), and preoperative level of function. Common preoperative laboratory values (Table 4 ) reviewed include white blood count, creatinine, hematocrit, international normalized ratio, and albumin. The prevalence of medical comorbidities (Table 4 ) analyzed including prevalence of diabetes, hypertension requiring medication, congestive heart failure, chronic obstructive pulmonary disease, dyspnea, peripheral vascular disease, heart disease requiring a previous cardiac procedure, cerebrovascular accident or transient ischemic attack, bleeding disorder, current steroid use, current chemotherapy, or radiation therapy also were compared among the different BMI groups. In addition, wound classification (clean versus not clean) and American Society of Anesthesiologists physical status classification were compared among the BMI groups.
Statistical Analysis
In this retrospective study, we compared demographics, comorbidities, complications, and perioperative outcomes data using ANOVA for all continuous variables and Pearson's chi-square tests for all categorical variables. Patient factors with significant differences (p value \ 0.10) in the univariate analysis (Tables 3 and 4 ) then were included as variables in the multivariate model (Table 5 ) to analyze whether BMI was independently associated with short-term complications and outcomes. The group of patients with a normal BMI was used as the reference group in the multivariate analyses, and a p value of 0.05 or less was considered to be statistically significant. A post hoc power analysis was performed using the case distribution, total number of patients, and overall incidence of complications in this study. A statistical power of 80% with an alpha value of 0.05 was found to detect a 3% difference in the overall incidence of complications between the highest BMI group (obesity Class 2 or greater) and the normal BMI group (control group). All data analysis and statistical calculations were performed using SPSS, Version 17 (Chicago, IL, USA).
Results
There was no association between BMI and complications after surgery (Table 5 ). Using the normal BMI group as reference, the overweight group had a relative risk of complications at 0.57 (95% CI, 0.30-1.06; p = 0.076), obesity Class 1 had a relative risk of 0.52 (95% CI, 0.26-1.03l; p = 0.061), and obesity Class 2 or greater had a relative risk of 0.54 (95% CI, 0.25-1.17; p = 0.117).
Increased BMI was associated with longer surgical times ( Table 5 ). For the normal BMI group, surgical time was 110 minutes (SD, 42 minutes). The overweight group had an operative time of 114 minutes (SD), which was not greater than that of the normal BMI comparison group (mean difference, 115; SD, 46 minutes; mean difference to control, 5 minutes; 95% CI, À1 to 10 minutes; p = 0.096).
However, patients in obesity Class 1 group had a longer surgical time of 120 minutes (SD, 43 minutes; mean difference, 10 minutes; 95% CI, 5-15 minutes; p \ 0.001). The patients in obesity Class 2 or greater had a longer surgical time of 122 minutes (SD, 45 minutes; mean difference, 12 minutes; 95% CI, 6-18 minutes; p \ 0.001).
Discussion
The purpose of this study was to compare the perioperative hospitalization data and 30-day postoperative complications in patients undergoing a primary TSA among different BMI classes. Overall our study cohort revealed 47% of patients undergoing TSA were obese, which is consistent with national averages [7, 12, 26] . Investigations regarding the effects and outcomes of lower extremity arthroplasty have shown a greater proportion of complications in patients who are obese compared with those who are not obese [16, 17] . However, the association of BMI and higher complications in lower extremity surgery cannot be directly correlated to the surgeries performed in the upper extremity [25] . Thus, the large sample size and national representation of this study provide additional evidence to suggest that increased BMI is not associated with increased short-term complications in patients undergoing primary TSA. The complications analyzed including mortality, deep venous thrombosis, pulmonary embolism, pneumonia, cardiac complications, neurologic complications, wound complications, and sepsis were low (\ 1%) in our study cohort. Only the percentage of urinary tract infections was found to be greater than 1% collectively. This suggests that primary TSA remains a safe procedure with low incidences of complications regardless of obesity status.
Our study has some limitations. The design of this study does not permit evaluation of the effect of BMI on functional outcomes, patient satisfaction scores, radiographic analysis, cost analysis, and implant survivorship. The accuracy of documentation of clinical diagnoses, comorbidities, and complications collected in any database can be limited by errors in data entry. However, previous studies of the ACS-NSQIP 1 database have shown excellent accuracy and quality control because the database relies on clinical data from patients' medical charts gathered by skilled reviewers and does not rely on administrative claims or billing information [9, 10, 15, 20] . The integrity of data collected is scrutinized through site visits at participating institutions, conference calls, an annual meeting of participants, and regular auditing. Information from the database also is not specific enough to identify details of surgical complications and specific indications for return to the operating room. Finally, we likely would have observed higher overall complications in our patients if we had a longer followup beyond the 30-day postoperative time available in this database. Previous studies with longer outcomes have shown an earlier plateau in functional improvement and more frequent revisions in patients undergoing TSA [21, 24, 29] . Despite these limitations, we believe the large patient sample size (powered to identify a 3% or greater difference in overall incidence of complications) and the standardization of prospectively collected clinical variables from this database help quantify the association of BMI on patients' complications after TSA.
Increased BMI was not associated with greater risk of short-term complications in patients undergoing primary TSA. Previous studies have shown inconsistent results regarding the association of obesity on complications in upper extremity arthroplasty [3, 5, 13, 14, 27, 31] . Some smaller reviews have reported an increase in associated complications [3, 5, 14] , whereas studies with larger sample sizes have shown no such relationship [13, 27, 31] . In a review of reverse TSAs, Beck et al. [5] found that the coexistence of obesity was associated with increased complications. Similarly, Gupta et al. [14] reported that patients with a BMI greater than 35 mg/m 2 had a higher proportion of complications in a retrospective review of 119 patients. Conversely, Waterman et al. [31] and Griffin et al. [13] showed that obesity was not associated with an increased incidence of most complications. Additionally, Baghdadi et al. [3] found a comparable proportion of complications between patients who were obese and those who were not obese undergoing TSA. Our study adds additional data with an even larger patient sample size, along with a standardized followup protocol, to support no short-term differences in complications among patients of different levels of obesity.
Surgical time increased with greater BMI. Although neither Chalmers et al. [8] or Beck et al. [5] found obesity to affect surgical time in a series of patients undergoing TSA and reverse TSA respectively [5, 8] , our results are in accordance with those of Linberg et al. [24] , who reported prolonged operative time in patients who were obese who were undergoing TSA. Similarly, increased operative time has been reported in patients who are obese who are undergoing arthroscopic procedures about the shoulder [30] . However, mean operative time, as stratified by different levels of obesity, have not been reported on a nationwide level for primary TSA. Our results show that patients and physicians can expect a longer operation time for patients with increased BMI levels.
Results of this study, consistent with those of previous studies [6, 22] , also showed that preoperative comorbidities were seen more commonly in patients with greater BMI. Although other associated comorbidities are important in preoperative consultation and planning, it is interesting that the differences in incidence of these risk factors among different BMI groups did not result in more short-term complications.
Although surgical time increased for patients with greater BMI, the 30-day complications and perioperative hospitalization data after TSA were not greater in patients with increased BMI than in those with normal BMI. Obesity alone should not be a contraindication for TSA; patients who are obese should be counseled that the incidence of short-term complications is comparable to that for patients who are not obese. We found no evidence that preoperative medical optimization and risk stratification should be adjusted for patients who are obese who are undergoing TSA. It is important for physicians to be aware of this difference in the association of obesity and complications in TSA compared with lower extremity arthroplasty, which has consistently shown higher incidences of short-term complications [16, 17] and longer mean hospital stay [19] in obese patients. We could not analyze patients who were morbidly obese or super obese separately in this study owing to the smaller sample size of patients with a BMI of 40 kg/m 2 or greater. Future studies should investigate whether a separate group consisting of only patients with a BMI of 40 or 50 kg/m 2 or greater may be associated with increased short-term complications compared with patients who are not obese. In addition, future research needs to be performed to better understand the association of obesity on long-term complications, functional outcomes, and implant survival.
